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on a nurse culture itself on or in the initiation medium. (2) allowing the initiation to take place, and (3) (wheth^ after optional storage 
and maintenance w not) matuiing the initiated embryos on an appropriate maturation medium, wheiehi: (a) ttie initation and maturation 
medium may be tiw same or difibient, and wherein (b) (i) at least die initiating medium contains ABA and at least one amino acid, or (b) 
^) at least tiie Initiating medium contains at least one amino acid and no ABA, and (c) at least die maturation medium contains ABA and 
at least one amino acid. 
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IMPROVED £MBRYOG£N£SIS PROCESS FOR INITIAIION 
AND MATURATION 
The present invention relates to an improved conifer or oilier woody species 
embryogenesis process tor initiation and maturation. 
5 The initiation and maturation of endnyogenic tissue and somatic embryos 

respectively has hitiierto been part of a stagewise process from which eiqilant to 
embryogenic tissue tinougfa to gmnination of somatic embryos and growth of somatic 
seedlings in the field has involved the 8 stages referred to hereinafter. 
1. Initiation of embryogenic tissue 
10 2. Maintenance of embryogenic tissue 

3. Development of embryogenic tissue 

4. Maturation of somatic embiyos 

5. Starv&ticm and storage of somatic embryos 

(see New Zealand Patent Specification No. 272210) 
15 6. Germination of somatic embryos 

7. Growth of somatic seedling in greenhouse 

8. Growth of somatic seedlings in field 

Protocols for somatic embryogenesis for conifm typically involve several 
stages from initiation of embiyogenic tissue tiut>ugih to somatic embiyo maturation and 

20 gemunation* Patents providing background as to die use of embryogenesis to create 
somatic embryos include W095/14373, US 5036007, US 5,034,326, US 5,041,382, 
US 4,957,866, AU 37150/93, US 5,294,549, South Africa 93/4807, and USA (CIP) 
08/219879 (mipublished). 

For initiation of conifer embiyogenic cell lines whole gametophytes containing 

25 immature fertilised embryos or dissected immature fertilised embryos are used as 
eiqilants. Explants are placed on several diffident ^initiation media** to initiate 
embryog^c tissue either with or witiiout growth regulators. The average percentage 
initiation over an entire seasonal initiation for radiata pine using whole gametoplq^s 
as explants has varied from 5 - 10%. The best perc^tage initiation has varied fixnn 6 

30 - 34% for the best developmental window of samplmg the explants ftom each seedlot. 
An initiated cell line is defined as an established and maintained cell line. 
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For maturatioii of conifer somatic emhryos, initiated embiyogenic cell lines are 
placed onto several media to maintain and develop the embiyogenic tissue and 
multiply the number of embiyo initials. Embiyogenic tissue is flien generaUy placed 
on a ""maturation medium'' to encourage the tissue to form mature embiyos. Typically 
S tiiis maturation media contains abscisio acid (ABA). The percentage of initiated cdl 
lines ibat are able to continue growdi and fomi mature somatic embiyos is typica% I - 
10%. Higher percentages ofiqp to 25% imve been obtained vvhen a selection of 2 
25% of Hie maintained embiyogenic cell lines are placed on matoration media, ie; not 
all cell lines initiated are subsequently suitable for placement on maturation media. 
10 The percentage of cell lines that are currently initiated using previously 

patented or published protocols is too low for adequate clonal representation witbin a 
famfy or cross and genetic divert is not maintained satisfactorily. 

Furdiennore» from die embiyogenic cell lines initiated the representation of 
clones forming mature embiyos widiin a fiunily is furtber reduced. 
15 It is desirable fiom the perspectives of clmal testing, genetic diversily, process 

efiQden^ and cost efiTectiveness to have at least 50% initiation of clonal embiyogenic 
cell lines and at least 30% formation of mature somatic embiyos from those initiated 
embryogenic cell lines. 

The present invention can achieve or at least approach this. 
20 The present invention relates to various procedures and related mediods and 

includes an embryogenic initiation medium which will result in changes to at least 
stages 1» the prospect of a merging of steps 2 and 3 with eadi of stages 1 and 4 and 
additionally potentiates the outcome at maturation step 4 for tfiat embiyogenic tissue 
capable of generating somatic embryos, the present invention therefore providing an 
25 increased efficiency over the prior art procedures. 

It is to this that the present invention is directed. 

In a first aspect the present invention consists in a method of initiating 
embryogenic tissue from a source of immature embryos of a conifer or other 
woody species, said method comprising: 
30 placing e^lants of the immature embryos on and/or in an initiation medium or 

on a nurse culture itself on or in the iniliating medium, and 
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allowing sufficient time for initiation to take place* 

wherein (i) the initiation medium contains ABA and/or at least one amino add, 
or (ii) the initiation medium containing just amino acids. 

As used herein 'Voody species" includes the groups of species Eucab|^ptus 
5 ftmily, Proteaceae, Myrtaceae^ Rosaeceae» Punicaceae, etc. 

Preferabfy said conifer immature zygotic embiyo e3q>lants for the invention 
include those of Pinus radiata (or Monterey pine), hybrids of Pinus radiata and 
genetically modified Pirns radiata. This procedure is also applicable to other conifer 
q[)ecies, viz» loblolly pine, Douglas fir» sprace ^edes etc. and» of course^ I^brids or 
10 genetically modified versions thereof 

Rirference to ''on" and *1n" in respect of the media at least contemplates the use 
of geUed and/or liquid media. 

Ptefecabfy said explant is not the vi^le m^gamelo^ 
dissected fertilised embryos at the bullet stage and before tfie pre^<3olyledonaiy stage, 
IS 300 - (if radiata pine) celled emfaiyo head developmental stage and most probably 
different called embxyo head counts fiir oAer spedes which have different sized and 
shaped embiyos. 

Preferably the initiation medium does not contain traditional/conventional plant 
growth regulators such as auxins and (^kinins (eg; 2, 4-0, lAA, NAA, IBA, BAP, 2- 
20 IP, Zeatin, TDZ, etc). Nor prefi^ly is it a medium for initiation with no growth 
regulators as oudmed in South Afiica 93/4807. But it does contain ABA md/or one or 
more ammo acids. 

Preferably ABA (Abscisic Acid) is present 

Preferably where said initiating medium is also to be used as the maturation 
25 medium ABA is preset 

bi another preferred form Abscisic Acid (ABA) may be absent but at least one 
amino acid is present Preferably said amino acid that is present is one or more of tibie 
amino acids Aiginine, Asparagme, Glutamine, CitruUme^ Cknitbine, Lysine, Alanine 
and Proline. 
30 Preferably Glutamine is present. 

Preferably at least one of Asparagine and Argimne is also present 
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Preferably Glutamine, Asparagme and Aiginme are present 

Preferably fhc mitiation medium contains bofb ABA and at least one of the 

aforementioned amino acids and optionaUy several or all of tiie aforementioned amino 

acids. 

S Preferably said initiation medium includes in addition to said ABA and/or said 

at least one amino acid and otfier imtrient sources such as, for example, a source of 
essential maax> and micro elements, vitamins, carbohydrates, inositol etc. 

Prefend>ly the initiation medium includes inorganic ions in the following ranges 
in concentration of the more si^iificant ions in a preferred medium 

10 



15 



ION 


CONCENTRATION RANGE 
(mmoles/l) 


NO, 


4.27 


NH« 


OJ-6.8 


Ca 


0-0.9 


Fe 


0^.15 


Na 


0-7 


Za 


00.135 


Cu 


0-0.05 




0-3.24 
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Preferably said ion concentradoiis are 
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ION 


CXJNCENTRATION RANGE "1 
(nunoles/l) | 


NO3 


about 17.8 1 


NH« 


about 1.96 1 


Ca 


about 0.17 1 


Fe 


about 0.10 1 


Na 


about 3.85 | 


Zn 


about 0.09 


Cu 


about 9.61x10^ 


Mb 


about 1.62 
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in anoliiCT embodiment preferably also present in tbe medium are tfie foUomng 
inorganic ions or the total presence of inoiganic ions is as follows 



ION 


CONCENTRATION (mmoles/1) 


1 NOj 


17.80 


1 ^ 


1.96 


TOTAL 

N 


19.76 




P 


1.96 1 


K 


14.16 


Ca 


0.17 


Mg 


1.62 


CI 


3.42xl0-» 


Fe 


0.10 


S 


1.83 


Na 


3.85 


B 


0.13 


Mn 


1.62x10^ 


Zn 


0.09 


Ctt 


9.61x10^ 


Mo 


8.27xl0r* 


Co 


8.41x10^ 


I 


6.02x10^ 



Preferably also included aie 5g/l-50g/l (w/v) Sucrose (preferably about 30g/l). 

Pieferabty it also includes 3-8 grams gellan gum per litre (preferably about S 
grams) or odier gelling agent (eg; agar or otft^). 

Preferably it also includes 5 mg/I - 50 mg/1 (wAr) Abscisic acid (ABA) 
(preferably about 15 mgA). 
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Pt^robly die amino acids are present in ihe following ranges 



ION 


CONCENTRATION RANGE (mB/l^ 


Argiiiine 


500-2.000 


Aspsrafiiiic 


1 (MKMOOO 


Giutamine 


LOOO-IO 000 


CitruUine 


0-50 


Omitlune 


0-50 


1 Lysine 


0-50 


1 Alanine 


0-50 


1 Proline 


0-50 



Prefoably ai^gnime is about 700, preferably asparagine is about 2, 100 and 
preferably giutamine is about 7,300. 
15 In another aspect the present invention consists in a method of initiation of 

embryogeriic tissue from a source of immature conifer or other woody species^ said 
metihod cdnprisingt 

placing e?q[)lant5 of tiie immatuxe fertilised embryos (direcdy or indirectly eg; 
nurse culture) on and/or in an initiation medium, and 
20 allowing su£Eicirat time for the iiutiation to take place, 

wherein tiie initiation medium contains ABA and amino acids, or 

wherein the initiation medium contains amino acids and no ABA. 

Preferably conifers are the source of tbe explants. 

Preferably the sufficient time is of the order of about 4-6 weeks* 
25 Prefembly tihie environment is in a sterile tissue culture vessel in a cmitrolled 

environment at 15-28^X2. 

In a further aspect the present invention consists in a method of initiation of 
embryogenic tissue from a source of immature conifer or other woody species 
embryos, said method comprising: 
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placing explants of die immature fertilised emhtyos (directly or indirectly eg; 
muse cells) on and or in an initiation medium, and 

allowing sufficient time for the initiation to take place, 
wherein tiie initiation medium is; 
5 Final Rate per Litre (mg) 





Potassium Nittate 


(KNO,) 


1431 




Magnesium Sulphate 


(MgSO^.TH^O) 


400 




Sodium Nitrate 


(NaNO,) 


310 




Ammonium Dihydrogen Phosphate (NH^K^O^) 


225 


10 


Calcium Chloride 


(Caa2.2H20) 


25 




Zinc Sulphate 


(ZnS04.7H20) 


25 




Boric Add 




8.0 




Manganese Sulphate 


(MiDS04.H20) 


2.72 




Copper Sulphate 


(CUSO4.5H2O) 


2.4 


15 


Potassimn Iodide 




1.0 




Cobalt Chloride 


(C0CU.6H20) 


0.2 




Molybdic Acid 


(Na2Mo04.2H20) 


0.2 




EDTA-DisodiumSalt 




40 




Iron Sulphate THjO 




30 


20 


Nicotinic Add 




5.0 




TliiamineHG 




5.0 




Fyridoxme 




0.5 




Inositol 




1000 




Aiginine 




700 


25 


Asparagine 




2100 




Glutamine 




7300 




Citnilline 




3.95 




Qmitfauie 




3.80 




Lysine 




2.75 


30 


Alanine 




2.0 




Proline 




1.75 
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Abscisic Acid 5 to 50 

Sucrose S»000 to 50,000 

Gelling Agent (GELRTIE™) 3,000 to 8,000 

5 Pteferably fte sucrose is about 30,000, tiie gelling agent is GELRTTE™ about 

4,500, and 4ie abscisic add is about 15. 

bi tiiis respect reader is referred to Soutii A&ican Patent Specification No. SA 
93/4S07 where media is used for maturation only. The present invention recognises 
the usefulness and advantages of a media (not necessarily including ABA) for 
10 initiation and also (when preferably including ABA) for maturation. 

In a further aspect the invention is a method of producing mature somatic 
embryos comprising die steps 

(1) placing explants of the immatm:e embiyos on and/or in mi initiation 
medium or on a nurse culture itself on or in fhe initiation medium, 
15 .(2) allowing the initiation to take place, 

(3) (whether after optional storage and maintenance or not) maturing the 
initiated embiyos on an appropriate maturation medium, 
and wherdn 

(a) the initiation and maturation medium may be die same or different, 
20 and wherdn 

(b) (i) at least the initiating medium contaiiis ABA and at least mie 
amino acid, or 

(b) (ii) at least the initiating medium contams at least one ainino acid and 
no ABA, 

25 Preferably said at least me ammo acid is selected from the groiQ) Aigmme, 

Aspaiagine, Glutamine, Citnilline, Qruidiine, Lysine, Alanine and Proline. 

Preferably die maturation medium contains ABA and at least one ammo acid 

The invention also consists in embryos thus matured. 

In still a further aspect the present mvention consists in an initiation and/or 

30 maturation media for embryogenic tissue, said medium comprising in addition to a 



presence of ABA and at least one amino acid, inorganic ions in the following ranges in 
concentration of the more significant ions in a prefeired medium. 



15 



ION 


CONCENTRATION RANGE (mmoles/l) 


NO3 


4-27 


NH, 


0.5-6.8 


Ca 


0.01-0.9 


Fe 


0.025-0.15 


Na 


0.5-7 


Z« 


0.023-0.135 


Cu 


6xl0-*-5xl0-2 


Ms 


0.405-3.24 


Preferably said ion coiffieitnitions are 


ION 


CONCENTRAIION RANGE (nunoles/l) | 


NO, 


about 17.8 


NH4 


about 1.96 


Ca 


about 0.17 


Fe 


about 0.10 


Na 


about 3.85 


Zn 


about 0.09 


Cu 


about 9.61x10^ 


1 Mr 


about 1.62 



25 



Preferably said ion concentratioDS are as foUows 



1 


CX)NCENTRATION ^imnolM/n 1 


1 NO, 


17.80 


1 NH4 


1 96 


1 TOTAL 
1 ^ 


19 76 


P 


1.96 


K 


14.16 


Ca 


0.17 


Mg 


1.62 


a 


3.42x10-' 


Fe 


0.10 


S 


1.83 1 


Na 


3.85 1 


B 


0.13 


Mn 


1.62x10^* 


Zn 


0.09 


Ctt 


9,61x10* 


Mo 


8.27x10^ 


Co 


8.41x10^ 


I 


6.02x10-^ 



Preferably 5g/l-50g/l )w/v) Sucrose is also present (preferably about 30g/l). 
25 Preferably 3-8 grams gellan gum per litre (preferably about 4.5 grains) or olfaer 

gelling agent is also present 

Preferably it also includes 5 mg/1 - 50 mg/1 (w/v) Abscisic acid (ABA) 
(preferably about 15 mg/1). 
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Ptcfcf&bly die Ainiiio adds aie preseat in tiie following ranges 





UUiNdilM 1 KA 1 IvWM JKAJ>luJb \JXIgfl) | 


Arginine 


Cf\f\ O AAA fl 


Asparagine 


1 AAA A AAA 

1,000-4,000 


Glutamine 


1 AAA i A AAA 

1,000-10,000 


CitmUine 


A <;a 
0-jO 


Qmilliine 


0-50 


Lysine 


0-50 


Alanine 


0-50 


Proline 


0-50 



Preferably aiginine is about 700, prefi^nably asparagine is about 2,100 and 
preferably glutamine is about 7,300. 
15 In yet a ftirdier aspect the present invention consists in and/or an initiation and 

maturation media for embiyogenic tissue, said medium comprising; 

Final Rate per Litre (mg) 





PatassinmNitiaie 


(KNO,) 


1431 




Magnesivni Suljribate 


(MgS04.7H,O) 


400 


20 


Sodium Nitrate 


(NaNO,) 


310 




Ammoniiim T>ibydrogea Phosphate (NH4H2PO4) 


225 




Calcium CMoride 


(CaCl2.2HiO) 


25 




Zinc Sulphate 


(ZnS04.7H20) 


25 




Boric Acid 


(H3BO,) 


8.0 


25 


Manganese Sulphate 




2.72 




Cqyper Suli^iate 


(CUS04.5H20) 


2.4 




Potassium Iodide 


(KI) 


LO 




Cobalt Chloride 


(C0CI2.6H2O) 


0.2 




Molybdic Acid 


(Na2Mo04.2H20) 


0.2 


30 


EDTA - Disodium Salt 




40 




hon Sulphate THjO 




30 
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Nicotinic Add 5.0 

nnamine HCl 5.0 

Pyridoxine 0.5 

inoatol 1000 

5 Aigittine 700 

e 

AsparBgtne 2100 

Glutamine 7300 

CitniUine 3.95 

Qmitfaine 3.80 

10 Lysine 2.75 

Alanine 2.0 

Proline 1.75 

AbsdsicAdd 5 to 50 

SncEOse 5,000 to 50,000 

15 Gelling Agent (GEIJUTE?*) 3,000 to 8,000 

Preferably the sucrose is about 30,000, the gelling agent is GELRTTE™ about 
4,500, and the abscisic acid is about 15. 

bi yet a fiirtfiar aspect tiie present invention consists in an initiation 
20 embryogenic mediuni that is also effective as a maturation medium for initiated and 
maintained embiyogenic tissue resulting from the initiation. 

In still a finther aspect the present invention consists in a method of increasing 
the efficiency of maturation of somatic embryos which comprises initiating and 
maturing tiie embiyogetiic tissue on a (preferably substantially common) medium 
25 which either 

(a) contains ABA and amino acids, 

(c) is of a composition substantially as follows; 

Final Rate per Litre (mg) 
Potassium Nitrate (KNO3) 143 1 

30 Magnesium Sulphate (MgS04.7H20) 400 
Sodium Nitrate (NaNO}) 310 











Ammoniiim Diliydrogen Phosphate (NH4H2PO4) 


225 




Calcium Chloride (CaCla-aHjO) 


25 




Zinc Sulphate (ZiiS04.7EjO) 


25 




Boric Acid (^^0^ 


8.0 


5 


Manganese Sulphate (M11SO4.H2O) 


2.72 




Copper Sulphate (CUSO4.5H2O) 


2.4 




Potassium Iodide (KI) 


1.0 




Cobalt Chloride (C0CI2.6H2O) 


0.2 




Molybdic Acid (Na2Mo04-2H20) 


0.2 


10 


EDTA - Disodium Salt 


40 




Iroii Sulphate 7H2O 


30 




Nicotinic Acad 


5.0 




Thiamine HCl 


5.0 




Pyridoxine 


OJ 


15 


Inositol 


1000 




Aiginine 


700 




Asparagine 


2100 




Glutamine 


7300 




Citrulline 


3.95 


20 


Ornithine 


3.80 




Lysine 


2.75 




Alanine 


2.0 




Proline 


1.75 




Absoisic Acid 


5 to 50 


25 


Sucrose 


20,000 to 40.000 




Gelling Agent (GELRTTE™) 


2,500 to 8,000 




Preferably the sucrose is about 30,000, the gelling ^ 


gent is GELRTTE^and is 




about 4,500, and die abscisic acid is about 15. 




30 


Preferably the efficiency i$ a potentiated increase in the efficiency in that die 



use of tiie initiation medium as set out in (c) or conteimng ABA and amino acids or 
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just amino acids increases the percentage of cell lines produced at initiation of the 
embiyogenic tissue. (Figures 1 - S). The cell lines initiated by tiie invention that go 
on to produce mature somatic embryos is also increased 

The present inventiim enccmqiasses in the preparation of somatic embryos 
5 (particuiailyofconifers) a merged yet stiUsequrati 

procedure using a common or sui)stantially common medium. 

The present invention also envisages a procedure of generating mature 
somatic embryos which comprises: 

initiation of embtyogenic tissue from a source of immature conifer or odier 
10 woody spedes embiyos by a procedure of the present invention previously defined, 
and 

maturing at least some of the embiyogenic tissue to mature somatic embryos on 
the same medium but removing some of tiie initiated embiyogenic tissue from tfie 
medium for bulking up and/or maintenance on a different media or for long teim 
15 storage by ciyo preservation before proceeding wi& additional nmturati 

produong much larger numbers of mature somatic embiyos on the same or similio: 
medhim. 

&i a fimfaer aspect die present mvention consists in mature embryos yidded by 
a method in accordance widi die present invention and/or the use of an initiation 
20 and/or maturing media as previously set forth. 

In yet a further aspect the present invention consists in a harvested product of 
a conifer or other woody species where die seed and/cnr seedling has resulted from the 
use of a method of the present inv^tion and/or an initiation and/or maturing media as 
previously set fordi. 

25 hi still a further aspect the present invention consists in wood, wood chips or 

celiulosic fibre derived from such a harvested product. 

Indeed in prior art procedures die stages are as set out below. 
h Initiation of raibryogenic tissue 

2. Maintenance of embiyogenio tissue (optional ciyopreservation) 
30 3. Development of embiyogenic tissue 
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4. Matmatioii of somatic embryos 

5* Starvation and stcnrage of scnnatic embryos (NZ Patent Appl No. 272210) 

6. Germination of somatic embryos 

7. Growth of somatic seedling in greenhouse 
5 8. Growth of somatic seedlings in field 

With the adoption of the present invention, initiation and maturation using the 
same medium, steps 1 to 4 of such a prior art procedure merge into a combmed 
initiation and maturation stage, tiie duration of which is qyprbximately 8-12 weeks. 
1. Mtiation and growth of embryogenic tissue (with optional ciyopreservation) 
10 la. 

(optionaI)Maintenance (witii [optional] 
Cryopreservation)optional Development 

IS 2. Maturation of somatic emtnyos 

3« Starvation and storage of somatic embryos 

(preferably as in New Zealand Pal^t Specification No. 272210) 

4. Germination of somatic embryos 

5. Growtii of somatic seedling in greenhouse 
20 6. Growth of somatic seedlings in field 

Somatic emfaiyos produced by fhis invention can be used in the perfonnance of 
the invention of our New Zealand Patent Specification No. 272210. 

The methods and media of tiie pr^ent invention will now be described witii 
particular reference to Firms radiata as New Zealands predominant exotic conifer 
25 species. 

For initiation, whole megagametophytes are not used because of the uncertainty 
of whether a seed is fertilised or not. If not fertilised, no usefid embiyogenic tissue is 
formed. 

Dissected fertilised embiyos at the bullet stage and before the pre^cotyledonaiy 
30 stage» about 500 - 1000 called embryo head developmental stage. Other stages of 
development may be appropriate for otiier woody species, depending on the size and 
morphology of fertilised emhiyos. 
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Dissected mibiyos can be placed directly onto liie imtiation medium or onto a 
nntse cultme. Vigorous growth of embryogenic tissue results. 

Initiation media in at least some preferred forms for Pinus radiata did not 
contain traditional/conventional plant growfli regulators such as auxins and cytokinins 

5 (ie;2,4-D,IAA,NAA,roAandBAP,2-IP,Zeatin,TOZeteX 
present invention does contain ABA and/or some or all amino adds. 

Typically hutiation obtained with tiiis method and of those initiated typically 
mature. These results have been shown over a range of eight genetically diffei^ 
families of Pinus radiata. 
10 The performance of the present invention will now be described witii particular 

reference to the accompaiQdng drawings against procedures also for Pinus radmta as 
disclosed in Soudi Afiican Patent No. 93/4807. 
In the acccnnpaiqing drawings 

Figure 1 is a compaiisonofmitiationefficiendes relative to the total seeds 
15 extracted between the new method (that of the present invention) and tiie old mettiod 
(that of South African Patent No. 93/4807), 

Figure 2 is a comparison of initiation efiBciencies relative to the number of 
surviving explants again comparing the new method and the old mefliod. 

Figure 3 is a conqiarison of contamination metiiods obtained by eadi initiation 
20 mediod; 

Figure 4 is a comparison of explants into cidture as a measure of screening 
abiU^;and 

Figure 5 shows ioitiation results for various media types. 
Statistical analysis (standard error of the mean) was carried out for all data in 
25 Figures 1 to 4, 

Efficiency of imtiation for radiata pine was assessed by two methods, one 
comparing the efficimc^ of the two me&ods relative to total seeds that were extracted 
fipom the cones and die other relative to the number of plants diat survived being 
placed into culture. The "^new^ metitod is that described in the present invention for 
30 the initiation stage only. The '"old" method and medium is that described in Soutii 
African Patent No. 93/4807. Initiation for the purposes of Figures 1 and 2 is classified 
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as ettibfyogetlic tissue ^ch has ffown ivell enou^ to be classified as an 
cmhryogenic cell*-line. Compmson of the two methods was only possible wilh crosses 
A96, B96, C96, D96, E96, G96, H96 and J96 initiated in late 1995/early 1996| 

The total number of seeds tested for the old method was 16,927 for the purpose 

5 of Figme land for the new was 28,414. For the purpose ofFigure 2 die total nmnber 
of survivmg e;q>lants was 7J37 for the old and 9,974 fixr the new methods. 

Figure 1 shows the difiference in initiation effidencr^ between tiie two 
relative to starting seed counts. This shows that the new mediod has, on average, a 
significandy high efBciency in fomung embiyogenic cell lines. 

10 The overall percoitage initiation with the new method was 9.48% compared 

widi 1.61% for the old method. At die individual cross level, the best method was not 
always die new mediod, when calculated relative to starting seed counts, as only 
crosses C96,E96 and H96 were significanfly higher minitiatio Thisis 
thought to be related to other fiustors inheroit to die cone (eg. stage of development, 

15 fertilisalicmefiSciency) and to genetic ftctors. 

Figure 2, which is a comparison of initiation efficiency relative to the number 
of surviving explants, shows a similar trend with the old mediod still showing a lower 
initiation efficiency. The overall average percentage mitiationwifli die new mediod 
was 15.99% compared widi 5.99% for die old mediod, 

20 Embiyogenic tissue of Pmus taeda^ Pinus pinaster^ Firm torreyana and 

AgatMs austraiis has been successfiilly initiated usmg the same method and media 
outlined in respect to the present invention. 

The medium of or used by die mediods of die present invention is beUeved 
optimal for Firm radiata species for bodi initiation and maturation but nevertheless 

25 has a utility in relation to conifers and woody species in general, at least in respect of 
initiation, although for some species maintenance in a healdiy state may cause 
difficulty with a common mitiation/maturation medium. The P/im^ nu&i/a species 
maintained, in die common (prefixed) initiation/maturation media, a healdiy state for 
significant periods and tissue of Piims pinaster and Agathis austraiis could be 

30 proliferated and maintained in a healthy state for at least four months. Explants for the 
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Other species were selected at a similar stage of development as radiata pine, for 
initiation whereby the size and morphology of embryos differed. 

Contamination levels obtained from die two initiation methods (Figure 3) show 
highly significant differences depending on the initiation method used This was an 
S unespected new benefit of the common (substantially common) mitiation/matuFBtion 
media. The old metfiod shows a much higher level of contamination, on average 20 
times that of the new method* The ovorall average percentage contamination widi die 
old mediod was 30.32% compared with L41% for the new method The extremely 
high contamination levels of crosses A96 and C96 were associated with the use of old 

10 initiation media. 

Another yf«y of interpreting the new and old method for initiation is the 
screwing conq)arisons shown by reference to Figure 4. 

If an initiation mediod were to allow explants to be screwed for initiation 
efficiency, then the use of media would be reduced, resulting in a cost saving. 

15 Comparison of die number of seeds initially extracted fiom the cone to the number of 
explants placed into culture can give a measure of the difference in the ability of the 
two methods to allow screening. The difference between the new and old method 
(Figure 4) shows there is an added ability of the new method to allow screening of 
e3q>lants. On average the new mediod allows 25% more screening than die old 

20 method Theaveragepercentageof explants that could be placed in culture, if a 
screening procedure was used using the new mediod would be 60.23% whereas with 
die old mediod would be 35.54%. 

The addition or deletion of key components to the new initiation medium in this 
invention and the effect of these on initiation was evaluated in order to determine 

25 which factors were essential. Four treatmente were evaluated 

L Prefared medium containing ABA and amino acids (control). 

2. Preferred medium containing amino acids and no ABA. 

3. Prefeired medium containing ABA and no amino adds, 

4. Preferred medium containing no ABA and no amino acids. 

30 Figure 5 demonstrates that die preferred media are those containing bodi ABA 

and amino acids or just amino acids, wherein percentage initiation values were 40.2% 
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and 43.5% respectively. Media ivilfaout amino acids or wilh no amino acids and no 
ABA had significantly lower percentage initiation at 17.0% and 1 h 1% respectively. 
Each media was tested witfi 4 different crosses. 

The best percentage initiation of embiyogenic cell lines from eaqplants from die 
5 tqp 10 cones for hoUth "^ew^ and mediods (out of a total of 552 cones) was 
42.91% for tibe new mediod and 26.29% for the old method. The initiation efficiency 
was calculated relative to tiie number of survivmg explants and was statistically 
analysed (t - test significance < 0.003). 

Percentage of cell lines forming mature radiata pine somatic embryos using 
10 "^old" and "^new^ methods of initiation 





No. of initiated 
CeUIine 


No. of Mature 
Embiyo-Foniuiig 
Cell Lines 


Poceotage 
Maturation 

Efficienqy^ 


Old* 


3642 


338 




New** 


366 


114 


31.1 



15 

'^Pooled data fipom 2 years (1993/94 and 1994/5 initialions) using ""old** method 
^'''Ihcoiiipletc data due to experiments ongomg at time of patent cosqiletion. 
Data on maturation fitRm ''old'* method in Figures 1 »5notavailable, datashownfor 
''new method above is fix>m 4 crosses. 
20 While in our preferred form of the invention we prefer to use the one medium 

for both initiation and maturation^ tiie essence of the invention as claimed in respect of 
mitiation and/or maturation media and methods would still be used where a di£Eerent 
qypropriate nutrient formulation is used for maturation fixim that used for initiation, 
hideed tibe present invention envisages the use of an initiation or maturation media as 
25 claimed or indeed any appropriate initiation or maturation media to which, for 

maturation purposes at least ABA and/or amino acids have been added. This is true 
whetiier for radiata pine or other conif^ or other woody species. 

This procedure of the present invention has an advantage of ensuring greater 
efficiencies of both initiation and maturation of any initiated embryogenic tissue, the 
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clones being passed tiirough tiie system to the maturation and beyond to starvation and 
storage and germination. 
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CXAIMS: 

1. A method of initiating embryograic tissue from a source of immature 
embryos of a conifer or other woody species, said method camprising: 

placing e)q>lants of the immature embryos cm and/or in an initiatioii medium or 
5 on anurse callus itself on or in the initiating medium, and 

allowing sufiBcient time for initiation to taice place» 

wherein the initiation medium contains 

(i) at least one amino add, or 

(ii) both ABA and at least one amino acid. 

10 2. Amediodof claim 1 wherein die source is a conifer. 

3. A method of claim 1 or2 wherein said explant is not the whole 
megagametophyte and is die dissected fertilised embryos at Z to 500 or more (if a 
conifer species) celled embryo head stage* 

4 . A mediod of chum 3 ^en dissected at about the bullet or 5 00- 1000- celled 
15 embryo head stage* 

5. A method of any one of the preceding claims wherein die initiating medium 
does not contain tmditional/conventional plant growth regulators such as auxins and 
cytokmins (eg; 2, 4D, lAA, NAA, IBA, BAP, 2-1?, Zealin, TDZ, etc) but it does 
contain ABA and/or one or more amino acids. 

20 6. A mediod of any one of the preceding claims wherein ABA (Absdsic Acid) is 
present 

7. A method of any one of clahns 1 to 5 wherem ABA is absent but at least one 
amino acid is present being one or more of said amino acid(s) Aiginine, Asparagine, 
Olutamine, Citrulline, Omitiiine, Lysine, Alanine and Prolme, 
25 8. A mediod of claim 6 or 7 wherein Glutamine is present 

9. A mediod of claim 6, 7 or 8 wherein at least one of Asparagine and Arginine is 
present 

10. Amethod of claim 6 or 7 mdierem Glulamine, Asparagine and Argmine are 
present, 

30 11. A method of any one of the preceding claims wherein said initiating medium 
includes in addition to said ABA and/or said at least one amino acid odier nutrient 
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sources such as, for example, a source of essential macro and micro elements, 
vitamins, carbohydiates, inositol etc. 

12. A method of any one of tiie preceding claims wherein the initiation medium 
includes inoxganic ions in the following concentrations 



r ION 


CONCENTRATION RANGE 
^mmoies/i) 


1 NO3 


4-27 


1 ^ 


0.5-6.8 


Ca 


0-0.9 


Fe 


0-0.15 


Na 


0-7 


Zn 


0-0.135 


Co 


0-0.05 


Mr 


0-3.24 


13. A metiiod of claim 12 wherein said ion concentratioiis are 


ION 


CONCENTRATION RANGE | 
(mmoles/l) | 


NO3 


about 17.8 


NH4 


about 1.96 


Ca 


about 0.17 


Fe 


about 0.10 


Na 


about 3.85 | 


Zn 


aboat0.09 | 


Cu 


about 9.61x10-^ 


Mr 


about 1.62 
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14. Amethodof any one of claims 1 to 11 wherein also present in tbe medium are 
tiie following inoiganic ions or the total presence of inoiganic ions is as follows 



ION 


CONCENTRATION (mmoleyl) 


NO, 


17.80 


NHi 


1.96 


TOTAL 
N 


19.76 


P 


1.96 1 


K 


14.16 


Ca 


0.17 


Mg 


1.62 


a 


3.42x10-' 


Fe 


0.10 


S 


1.83 


Na 


3.85 


B 


0.13 


Mn 


1.62xia* 


Zn 


0.09 


Cu 


9.61x10' 1 


Mo 


8.27x10^ 1 


Co 


8.41x10-* 1 


1 


6.02x10-' 1 


IS. Amediodofaiiyoneoftfaeprecediii 
SOg/1 (w/v) Snoose. 


g claims wherein the media contains 5g/l- 



16. A method of any one of the preceding claims wherein the media contains 3-9 
grams gellan gum or odier gelling agent. 
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17. A method of any one of die preceding claims wherein the amino acids are 
present in the following ranges 



ION 


CONCENTRATION RANGE (mg^) | 


Ai^ginme 


SOO-2,000 1 


Asparagme 


1,00(M.OOO 


Glutamine 




1,000-10,000 


Citnilline 


0-50 


Otnitibine 


0-50 


Lysine 


0-50 


Alanine 


0-50 


Proline 


0-50 



18. A method of any one of the preceding claims including aUowing at least partial 
15 maturation wherem said initiation media is used as Uie maturation media. 

19. A method of initiation of embryogenic tissue from a source of immature 
conifer or otiier woody spedes, said method comprising: 

placing explants of flie immature fertilised raibryos (directly or indirecdy 
nurse callus) on and/or in an initiation medium, and 
20 allowing sufficient time for the initiation to take place, 

wherein the initiation medium contains 

(i) amino acids, or 

(ii) ABA and amino acids. 

20. A me&od of claim 19 wherein conifer are the source of the explants. 

25 21, A method of claim 19 or 20 wherein the mitiation medium contains ABA. 

22. A method of any one of claims 19 to 21 wherein the sufficient time is of the 
order of about 4 weeks, 

23 . A mediod of any one of claims 19 to 22 wherein tiie environment is in a sterile 
tissue culture vessel at 15-28''C. 
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24. A method of initiation of embryogenic tissue from a source of Immature 
conifer or other woody species, said mediod comprising: 

pladng eTqplants of &e immatoie f^^tilised emtnyos (directly or indirectly egi 
nurse ceOs) on and or in an initiation medimn, and 
5 allowing sufiBcient time for Ifae initiation to take place, 

wherein tibe initiation medium is; 

Final Rate per Litre (mg) 





Potassium Nitrate 


(KNO3) 


1431 




Magnesimn Sulphate 


(MgS04.7H20) 


400 


10 


Sodium Nitrate 


(NaNO,) 


310 




AmmfflumnDOiydn^geiil^ospliate QfHJH^^ 


225 




Caldum Qiloride 


(CaClj.2HaO) 


25 




2Siic Sulphate 


(ZnS04.7H20) 


25 




Boric Add 


(H3BO3) 


8.0 


15 


Manganese Sulphate 


(MnSO^-H^O) 


2.72 




Copper Sulphate 


(CUSO4.5H2O) 


2.4 




Potassium Iodide 


(KI) 


1.0 




Cobalt Chloride 


(C0CI2.6H2O) 


0.2 




Molybdic Acid 


(Na2Mo04.2H20) 


0.2 


20 


EDTA-DisodiumSalt 




40 




Iran Sulphate THjO 




30 




Nicotinic Acid 




5.0 




Thiamine HQ 




5.0 




Pyridoxine 




0.5 


25 


Inositol 




1000 




Argmine 




700 




A!9)aragine 




2100 




Olutamine 




7300 




Citrulline 




3.95 


30 


Qmifliine 




3.80 




Lysine 




2.75 
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Alanme 2.0 
Ploline 1.75 
Abscisic Acid 5 to 50 

Sucrose 5,000 to 50,000 

5 Gelliiig Agent (GEUUTE^ 3,000 to 8,000 



25. A method of producing mature somatic raibryos comprisiiig the stqps 
(1) placmg explants of flie immatiire emtnyos on and/or in an initiation 

medium or on a nurse callus itself on or in the initiation medium, 
10 (2) allo^g die initiation to take place, 

(3) (whedier after optional storage and maintenance or not) maturing the 

initiated emfaryos on an appropriate maturation medium, 
and wherein 

(a) tbe initiatiiig and matiuation medium may be the same or different 
15 and wherein 

(b) (i) at least tfie initiating medium contains ABA and at least one 
amino acid, or 

(b) (ii) the initiating inedium contains no ABA but includes at least (me 
amino aduL 

20 26. A mediod of claim 25 wha:ein the source is a conifer. 

27. A mediod of claim 26 wherein ABA is present 

28. A method of claim 25, 26 or 27 wherein said at least one amino acid is selected 
from the group Arginine, Asparagine, Glutamine, CitruUine, Ornithine, Lysine, 
Alanine and Proline. 

25 29, A method of any one of claims 25 to 28 wherein the maturation medium 
contains ABA and at least one amino acid 

30. Embryos matured by a method or using a method of any one of the preceding 
* claims. 

3 L An initiation and/or maturation media for embryogenic tissue, said medium 
30 comprising in addition to a presence of ABA and at least one amino acid, inorganic 
i<ms in the following concentrations 



5 



10 
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ION 


CONCENTRATION RANGE (mmoles/1) 


NO3 


4-27 


1 NH4 


0.5-6.8 


Ca 


0.01-0.9 


Fe 


0.025-0.15 


Na 


0.5-7 


Zn 


0.023-0.135 


Co 


6xl0-*-5xl0-* 


Me 


0.405-3.24 1 


32. A media of claim 3 1 ^ereiii said ion Mmcentrations are 


ION 


CONCENTRATION RANGE (mmoles/1) 


NO3 


about 17.8 


NH« 


about 1.96 


c. 


about 0.17 


Fe 


about 0.10 


Na 


about 3.85 


Zn 


about 0.09 


Ctt 


about 9.61x10^ 


Mr 


about 1.62 
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33. A media of claim 3 1 or 32 wherein said ion concentratioiis are as follows 



IS 



ION 


CONCENTRATION fmmoles/l) 


NO, 


17.80 


NH. 


196 


TOTAL 
N 


19 76 


P 


1.96 


K 


14.16 


Ca 


0.17 


Mg 


1.62 


CI 


3.42xl0-» 


Fe 


0.10 


S 


1.83 1 


Na 


3.85 1 


B 


0.13 


Mn 


1.62x10^' 


Zn 


0.09 


Cu 


9.61x10^ 


Mo 


8.27x10^ 


Co 


8.41x10^ 


I 


6.02x10^ 



34, A media of any one of clainis 3 1 ro 33 wherein Sg/l*SOgA )wfy) Sucrose is also 
25 present 

35. A media of any one of claims 31 to 34 wherein 3-9 grams gellan gum per litre 
is present. 
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36. A media of any one of tiie preceding daims wherein amino adds are present in 
die following ranges 



ION 


CUNCrviN 1 K/V 1 lUJN KAIN kjiL (mg/1 ) 


Aiginine 




Asparagme 


1,000-4,000 


Glutamine 


1,UUU-1U,UUU 


Citnilline 


0-50 


Qmidiine 


0-50 


Lysine 


0-50 


Alanine 


0-50 


Proline 


0-50 



15 37. An initiation and maturation media for embryogenic tissue, said medium 
comprising; 

Final Rate per litre (nig) 





Potassiiim Nitrate 


(KNO,) 


1431 




Magneaum Su^hate 


(MgS04.7H20) 


400 


20 


Sodhim Nitrate 


(NaNOj) 


310 




Anunonium Diliydrogen Phosphate (NH4HaP04) 


225 




Calcium Chloride 


(CaClj^HjO) 


25 




Zinc Sulphate 


(ZnS04.7H20) 


25 




Boric Acid 


(H3BO,) 


8.0 


25 


Manganese Sulphate 


(MnS04.H20) 


2.72 




Copper Sulphate 


(CuS04.5H20) 


2.4 




Potassium Iodide 


(KI) 


1.0 




Cobalt Chloride 


(CoCl2.6HjO) 


0.2 




Molybdic Acid 


(Na2Mo04.2HjO) 


0.2 


30 


EDTA - Disodium Salt 




40 




Iron Sulphate THjO 




30 
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Nicotinic Add 5.0 

Thiamine HCl 5,0 

Pyridoxine 0,5 

Inositol 1000 

5 Aiginine 700 

Asparagine 2100 

Ghitamine 7300 

CitniOine 3.95 

Qmitfaine 3.80 

10 Lywit 2,75 

Alanine 2.0 

Proline 1.75 

AbsdsicAdd 5 to 50 

SuciDse 5,000 to 50,000 

15 Gelling Agent (GELRITE^ 3,000 to 8.000 



38. An initiation embryogenic medium that is also effective as a maturation 
medium for initiated and maintained embryogenic tissue resulting from the initiation, 
said medium being as claimed in any one of claims 31 to 37. 
20 39. A method of Increasing the effidency of maturation of somatic embryos 
^ch cominises initiating and maturing the embiyogenic tissue on a substantially 
common medium which dtiier 

(a) contains ABA and amino adds, 

(b) is of a composition substantially as follows; 

25 Final Rate per Litre (mg) 

Potassium Nitrate (KNOj) 1431 

Magnesium Sulphate (MgS04.7H20) 400 
Sodium Nitrate (NaNO^) 310 

Ammonium Dihydrogen Phosphate (NH4H2PO4) 225 

30 Calcium Chloride (CaCl2.2H20) 25 

Zinc Sulphate (ZnS04.7H20) 25 



wo 9^7096 -32- Pd7NZ96y00049 



Boric Acid 


(H3BO,) 


S.0 


Manganese Sulphate 


(lV4nS04.H20) 


2.72 


Copper Sulphate 


(CUSO4.5H2O) 


2.4 


Potassium Iodide 


(KI) 


1.0 


CobahChloiide 


(CoOj-fiHaO) 


0.2 


M olybdic Add 


(Na2Mo04.2H20) 


0.2 


EDTA-DisodiumSalt 




40 


Iron Sulphate THzO 




30 


Nicotiiiic Acid 




5.0 


Thiamine HQ 




5.0 


Pyiidoxiiie 




0.5 


Inositol 




1000 


Aiginine 




700 


Asparagine 




2100 


Ghrtamine 




7300 


Citrulline 




3.95 


Qniitiiine 




3.80 


Lysine 




2.75 


Alanine 




2.0 


Proline 




1.75 


Absdsic Acid 




5to50 


Sucrose 




5,000 to 50,000 


Gcllmg Agent (GELRITE™) 


3.000 to 8,000 



25 40. A method of claim 40 wherein (a) or (c) is used. 

41, A method of claim 40 or 41 wherein (c) is used and the sucrose is about 30»000 
and the gelling agent is GELRITE™ about 4,500. 

42. A method of any one of claims 39 to 41 wh^ein the efficiency is a potentiated w 
ina:ease in tfie percentage of clones producing mature embryos firom embryogenic 

30 tissue* the embryogenic tissue having been initiated as in Claim 1 * 24. 
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43. A metfiod of any one of claims 39 to 42 herein Ihe efficiency is as a lesuh of 
reduced contamination owing to the use of tiie saine media for initiation and 
maturation. 
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FIG 3 
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MOM 




Cross No. 


No. of Expiants 


*/o Initiotion 








096 
E96 


6 

42 


0 

71.4 


34 






G96 
J 96 


42 
12 


28.2 
25,0 








mean 


102 


40.2 








E96 


w 

42 


16.7 
7a8 


91 






G96 
J96 


25 
12 


12.0 
0 








mean 


03 




92 


V 




096 
E96 
G96 
J96 


4 

42 
36 
12 


250 
310 
28 
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